Abstract: Eight trials were conducted during 2012-2014 to determine the response of non-2,4-D resistant soybean to 2,4-D tank contamination at 2.1-168 g a.e. ha −1 . The predicted dose of 2,4-D to reduce yield 1%, 5%, 10%, 20% or 50% was 4.5, 22, 46, 97, and >168 g a.e. ha −1 , respectively.
Introduction
One of the greatest challenges facing Ontario field crop producers is the control of glyphosate resistant weeds. In response to increased incidences of herbicide resistant weeds, agro-chemical companies have developed crop hybrids/cultivars that have multiple herbicide resistant traits. These hybrids/cultivars provide producers in Eastern Canada with additional efficacious, cost effective, and environmentally acceptable weed management options for crop production (Anonymous 2012) . 2,4-D choline/glyphosate DMA (dimethylamine) herbicide premix has been developed in combination with corn, soybean, and cotton hybrids/cultivars that are resistant to this herbicide premix (Anonymous 2012) . 2,4-D is a phenoxy herbicide that can control a wide spectrum of annual, biennial, and perennial broadleaf weed species (OMAFRA 2014). 2,4-D is a growth-regulator-type herbicide that in sensitive plants causes the transcription of genes that are normally repressed leading to uncontrolled cell division and plant growth, which results in vascular tissue destruction and plant death (Anonymous 2012) . 2,4-D does not have long residual activity as it is rapidly broken down in the soil within 17-38 d (Anonymous 2012) . 2,4-D choline will be sold in a premix with glyphosate DMA (Anonymous 2012) . This product will be introduced with crops resistant to this formulation, allowing the product to be applied preplant or post-plant in resistant corn, soybean, and cotton crops (Anonymous 2012) . The label rate of this formulation in Canada will be 1720 g ae ha −1 ; 840 g ae ha −1 of 2,4-D choline, and 880 g ae ha −1 of glyphosate DMA.
Soybean cultivars that are resistant to 2,4-D are expected to be available to Ontario farmers during the 2016 field season. The use of these new cultivars will provide growers additional weed management options, especially for the control of troublesome broadleaf weeds that are resistant to glyphosate and other herbicides. The availability of 2,4-D-resistant soybean cultivars increases cases of 2,4-D tank contamination on non-2,4-D-resistant cultivars, which can lead to crop injury and yield loss.
Spray tank contamination as low as 1% v/v of the field use rate with growth-regulator-type herbicides such as 2,4-D and dicamba have been shown to cause significant injury in soybean (Anderson et al. 2004; Johnson et al. 2012; Griffin et al. 2013 ). Earlier studies have also shown that soybean may be more vulnerable to 2,4-D and dicamba injury and yield loss when these herbicides are applied during the reproductive stage (Kelly et al. 2005; Johnson et al. 2012) .
Other studies have focused mainly on the effect of 2,4-D on soybean injury and yield loss with no glyphosate in the tank. The reality is that almost all glyphosate resistant soybean producers will use glyphosate for weed control. The adjuvant system in glyphosate (Roundup Weathermax) can increase the uptake of the 2,4-D tank contamination (OMAFRA 2014) . This study is unique in that it will evaluate the effect of 2,4-D contamination plus the field rate of glyphosate (1800 g a.e. ha −1 ) in non-2,4-D resistant soybean. Evaluating the effect of the field rate of glyphosate plus 2,4-D tank contamination on non-resistant cultivars will help growers and custom applicators avoid crop injury and yield loss. a Regression parameters (Eq. 1: f is the lower asymptote, g is the magnitude of the response, and h is the slope of the response. b RD1, RD5, RD10, RD20, and RD50 are the predicted doses to result in 1%, 5%, 10%, 20%, and 50% reduction in soybean yield, respectively. Note: N.S., not significant at P < 0.05. each year. Herbicide treatments were applied with a CO 2 -pressurized back-pack sprayer equipped with Hypro ULD120-02 nozzle tips (Hypro, New Brighton, MN) calibrated to deliver 200 L ha −1 of water at 200 kPa. Herbicide applications were made with a 1.5 m boom with four nozzles spaced 50 cm apart. All plots including the non-treated control were kept weed-free by hand weeding as required. At harvest, soybean was harvested with a small plot combine and seed moisture content and seed yield were recorded. Final yields were adjusted to 13.0% seed moisture content. Soybean pods per plant, seeds per pod, seeds per plant, and 100 seed weight were determined by subsampling 10 plants randomly from each row and counting all pods and recording the number of seeds/pod, seeds per plant, and 100 seed weight from those 10 plants by treatment.
Data were analyzed using non-linear regression (PROC NLIN) in SAS 9.2. Soybean pods per plant, seeds per plant, and yield were converted to a percent of the non-treated control prior to analysis. Yield was regressed using the following equation:
where f is the lower asymptote, g is the magnitude of the response, and h is the slope of the response. Regression equations were used to calculate predicted 2,4-D tank contamination doses (g a.e. ha −1 ) that would result in a 1%, 5%, 10%, 20% or 50% reduction in seed yield compared with the weed-free control. If any 2,4-D tank contamination dose was predicted to be higher than 168 g a.e. ha −1 , it was simply expressed as ">168" as it would be improper to extrapolate outside the range of doses evaluated in these experiments.
Injury symptoms from 2,4-D included chlorosis of young leaves, leaf cupping, epinasty (curling of stems and petioles), growth reduction, and necrosis. There was no difference in soybean injury between the V2-3 and R1 stages. This is similar to other studies that have shown there is little difference in response of soybean to 2,4-D applied early or in the middle of the season. In other studies, Kelly et al. (2005) found 19% soybean injury when 2,4-D (56 g ae ha −1 ) was applied at the R1 stage and 8% soybean injury when 2,4-D was applied at the V3 stage. Other growth regulator-type herbicide such as dicamba have been shown to cause significantly higher soybean injury and yield loss when applied at the reproductive stage compared with when applied at the V2-3 stage (Anderson et al. 2004; Kelly et al. 2005; Griffin et al. 2013) . In contrast, Smith (1965) found that 2,4-D applied during early vegetative stage reduced yield more than when applied at the reproductive stage.
The predicted dose of 2,4-D to reduce soybean seed yield by 1%, 5%, 10%, 20% or 50% compared with the non-treated control was 4.5, 22, 46, 97, and >168 g a.e. ha −1 when applied at V2-3 or at R1, respectively (Table 1) . Soybean yield decreased as the 2,4-D dose (tank contamination) increased (Fig. 1) . There was greater than 15% and 30% decrease in seed yield at higher contamination doses of 84 and 168 g a.e. ha −1 , respectively; however, there were no significant differences for any of the yield components, including soybean pods per plant, seeds per pod, seeds per plant, and 100 seed weight (Table 2) . Results are similar to those reported by Anderson et al. (2004) , which showed that 112 g ae ha −1 of 2,4-D or 20% of labelled rate for corn caused a 25% to 32% reduction in soybean yield. Kelly et al. (2005) reported no yield loss in soybean with 2,4-D applied at 56 g ae ha −1 at the V3 or R2 stage, but when 2,4-D was applied at 180 g ae ha −1 at the V3 or R2 stage there was a decrease in yield of 25% and 15%, respectively.
In summary, this research documented the susceptibility of non-2,4-D glyphosate resistant soybean to 2,4-D spray tank contamination. 2,4-D spray tank contamination of higher than 5% of the field use rate caused significant crop injury in glyphosate resistant soybean when applied during the vegetative or reproductive stages.
